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Abstract 
A structured development strategy, for realsing a robust Fast Reactor Fuel Reprocessing technology, is being 
pursued at the Indira Gandhi Center for Atomic Research (IGCAR), Kalpakkam. After two decades of R&D in 
many interdisciplinary activities on the process, equipment and safety , the pilot plant, CORAL, was 
commissioned in 2003. By reprocessing the unique spent mixed carbide fuel of FBTR (Fast Breeder Test 
Reactor) containing 70% Pu with burnups as high as 155 GWd/t and cooling period as low as two years, the 
facility has set a bench mark.  
    Several campaigns with different burnups and cooling periods have been carried out in this facility. From the 
results of these campaigns, it was possible to establish the technical feasibility of adopting the modified PUREX 
process for short cooled high burnup of Pu rich spent fuels.  
    The successful operation not only enabled the formulation of the process flowsheet but also made possible the 
optimization of the plant layout of the spent fuel reprocessing plant of PFBR. As the commercial suc cess of the 
PFBR depends on the reliable operation of this facility, many features are incorporated in the plant design to 
ensure high availability and capacity factors, based on the operational experience of CORAL. Based on the 
CORAL operational feedbacks , many R&D activities have been initiated to address reduction in the number of 
solvent extraction cycles, the waste volumes, the radiation exposures and for carrying out in -service inspection 
as well as to resolve material related issues for increasing the life of the plant.  
    In this paper, a comprehensive review of the operational experiences in the last six years is presented. A  brief 
account of the R&D activities currently being pursued will also be made.   
Keywords: Fuel reprocessing; PUREX process; modeling; equipment development  
1. Introduction 
    Utilization of the limited uranium resources of India effectively, fast reactors are necessary. Large scale 
induction of fast breeder reactors is contemplated, the first  of the series being the 500 MWe Prototype Fast 
Breeder Reactor, PFBR. As the success of fast reactor programme heavily relies on the closed fuel cycle, 
reprocessing the spent fuel is mandatory. Adaptation of the PUREX process for the fast reactor fuel 
reprocessing, calls for development of equipment and other systems to address specific issues [1], due to the high 
Pu inventories and specific activities. A structured programme for the development of this complex reprocessing 
technology is being established in IGCAR. 
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Fig 1. A view of the operating area of CORAL 
2. Development Strategy 
    Implementation of this technology is planned to be realised in four phases [2], the first phase being the 
developmental phase, in which major R&D issues are addressed, while the second phase is the des ign, 
construction and operation of a pilot plant, called CORAL [3]. The third phase is the construction and operation 
of Demonstration of Fast reactor Fuel Reprocessing Plant (DFRP) which will provide experience for realising 
high availability factors and plant throughput. In this phase, apart from closing the mixed carbide fuel cycle of 
FBTR, the reprocessing of mixed oxide fuel of FBTR and well as that of Protype Fast Breeder Reactor (PFBR) 
driver subassemblies also will be demonstrated. In the fourth phase, commercial scale reprocessing will be 
carried out by setting up the reprocessing plant (FRP), which will close the fuel cycle of PFBR.  
3. Successes in CORAL 
    Based on the R&D in fast reactor fuel reprocessing carried out for the last three decades a t the Reprocessing 
Development Laboratory in IGCAR, CORAL (Fig. 1) facility was designed and commissioned. In this compact 
facility reprocessing of Pu rich mixed carbide fuels of FBTR spent fuel is being carried out since 2003.CORAL 
facility is designed to validate the process flowsheet (Fig.2) and also the designs of vital process equipment that 
are typical for fast reactor fuel reprocessing, like the chopper, dissolver, centrifuge and centrifugal extractors. 
The primary goal of the facility is to establish the performance limits on decontamination and recovery factors 
achievable through the PUREX process for the fast reactor spent fuels. Many reprocessing campaigns, with 
varying burnups such as 25, 50, 100 and 155 GWd/t have been carried out in CORAL facility. In order to gain 
confidence in reprocessing the short cooled fuels, the cooling periods were reduced progressively from nine 
years to less than two years. Recoveries of more than 99.8% for Pu and 99.9% for U [4,5] have been realized 
during these campaigns. Typical decontamination factors achieved for some troublesome fission products are 
given in Table-I.  The performance parameters demonstrate that PUREX process could be deployed for short 
cooled fast reactor fuels. 
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Fig.2. Flow sheet to reprocess the irradiated FBR fuels 
Table 1. Decontamination factors for troublesome fission products in CORAL  
Burn up (GWD/t) 
Fission
products 
25 50 100 
106Ru 3.83E+03 2.95E+03 2.88E+03 
137Cs 1.86E+05 1.02E+05 2.59E+04 
The CORAL facility is planned to be operated till DFRP operation is stabilized. Later, this will serve as a hot 
cell facility to carry out specific R&D activities on fuel reprocessing with irradiated fuel pins. 
4. Development activities  
In order to optimize the process flowsheet as well as to fine tune the designs of process equipment and 
systems, many R&D activities have been undertaken by the group. The issues being addressed are robust 
equipment operation, reliable product specification, safe plant operation and reduction of waste volumes. For 
some of these activities, national institutes and leading academic institutions are being involved. Brief account 
of some of the important R&D activities is described below:  
5. Process development 
5.1. Solvent extraction modelling 
    Development of computer codes for predicting the solvent extraction processes in all areas of the PUREX 
process has been identified as a key research activity.  The computer code SIMPSEX for high Pu flowsheets [6] 
was very useful in establishing the operational regime of the solvent extraction flowsheet. An exclusive 
laboratory for measurement of required for solvent extraction process modeling has been set up at RDL [7]. 
Another Code PUSEP was successfully developed for simulation of electro-redox partitioning [8]. Using  
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unique data generated at Chemistry Group, IGCAR and other literature data, Pu(IV) third phase formation was 
modeled and models for speciation in Pu(IV), Th(IV) and U(IV) third phases have been developed [9].  
A numerical model for limiting acidity for prevention of polymerization in bulk Pu solutions was also developed 
[10] which is very useful in fixing the operational window of process parameters.  
5.2. Dissolution 
    In CORAL, the 70% Pu bearing carbide fuels were dissolved in high nitric acid concentration under refluxing 
conditions [11]. Experiments are being undertaken to establish the conditions to design high capacity dissolvers 
for MOX fuels with higher Pu concentrations of FBTR and PFBR as they are also reported to dissolve with 
difficulty. 
5.3. Solvent extraction 
    Another major issue addressed in CORAL is the reduction in the waste volumes of solvent  which involves 
recovery of retained Pu from the lean solvent [12].  Extensive laboratory studies, carried out for the recovery of 
plutonium from lean organic streams of the plant using ammonium carbonate, hydrazine carbonate, sodium 
carbonate and  U4+/0.1 M N2H4,  indicated that ammonium carbonate [13] and hydrazine carbonate are the most 
promising candidates considering all the aspects of recovery and easiness of deployment in the hot cells.   
Process flow sheet based on these reagents have been developed  and deployed in CORAL, which is under 
evaluation for deployment for future plants. Also, R&D has been undertaken to develop a process for the 
removal of degradation products of solvent. Equipment has been designed and fabricated for evaluating the 
process to purify the degraded solvent using vacuum distillation with a falling film evaporator. These efforts will 
reduce the solvent waste volumes. 
5.4. Partitioning 
    While in CORAL, partitioning is carried out by oxalate precipitation [14,15], it is planned  to be carried out by 
aqueous phase reduction process in FRP. This process, which has been formulated based on the batch 
experimental results laboratories [16], will be demonstrated during the future campaigns at CORAL.  
Electro-redox studies for in-situ partitioning of U and Pu in a prototype 20-stage mixer settler have also been 
initiated with uranium runs and performance was evaluated with PUSEP simulation. This is being developed as 
an alternate to the chemical reduction for partitioning.  
5.5. Evaporation 
    Red-oil, a typical explosive product of TBP-nitric acid, was synthesized and its properties have been 
determined [17]. This study would aid in identifying the safety envelop of operating variables in the evaporators, 
which is a cause of concern due to its explosive nature.  
6. Equipment development 
    In the nuclear fuel reprocessing plant, specific constraints, such as remote operation and maintenance must be 
considered while designing and development of equipment, since the solution processed are  highly radioactive. 
A brief account of development of some of the important equipment is highlighted in this section.  
6.1. Head-end Equipment 
    Inspection of the chopped pin pieces during the CORAL campaigns indicated that there was no significant 
crimping which enabled better dissolution characteristics which demonstrated the use of single pin chopper for 
the slender pins of fast reactor fuels. Hence, based on the same principle but with improved designs for higher 
throughput choppers are being contemplated for DFRP and FRP.  
    A large capacity prototype semi-continuous rotary dissolver of 300 mm dia has been designed and fabricated. 
It was tested for pin movement between stages and based on the feed back, it is planned to optimize the 
dissolution and mixing zones. Also for minimizing Pu loss in hulls, an efficient hull rinsing system has been 
conceived in the DFRP dissolver for design validation.  
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6.2. Centrifuge clarifiers 
    The dissolver solution is clarified using an air turbine driven centrifuge of 40 L/hr capacity, in CORAL, which 
can be operated and maintained remotely [18]. This unit is designed for high Pu -bearing solution of fast reactor 
fuels which call for smaller diameter equipment from criticality control point of view. To realise the required 
centrifugal force for separation, the centrifuge is operated around 15000 rpm.  
    A 1500 L/h capacity centrifuge for low Pu bearing thermal reactor spent has also been designed and 
fabricated. This unit is of top-hung design with springs and has been tested at 3200 rpm. This centrifuge has 
remote maintenance features without cell entry.  
6.3. Centrifugal Extractors 
    The centrifugal contactors are vital to FBR reprocessing due to their low-residence time, lower footprint and 
smallest holdup for the given processing capacity. 35 mm dia bowl units (Fig. 3) are operational in CORAL for 
the last 6 years and the unit is constantly getting upgraded from the point of view of process improveme nt as 
well to provide longer life without maintenance. These units are remotely maintained using MSMs with 
occasional direct maintenance in glove boxes. Based on the operational experience of these units in CORAL, 
higher capacity units of similar types have been designed for DFRP and AHWR fuel reprocessing. 
 
 
 
Fig.3 A View of 16-stage Centrifugal extractor bank 
    Reprocessing group is very active in understanding and developing centrifugal extractors of different types 
[19,20]. The design of annular type centrifugal extractors for different capacities has been carried out [21,22] for 
applications like U recovery from phosphoric acid. High capacity units with bowls in the range of 55 mm, 
150mm, 360mm, 500 mm and 1000 mm, some of them with PVDF material, have been designed. Some of these 
units are planned for use in uranium recovery from phosphoric acid.  
7. Development of allied systems 
    Since the success of fast reactor fuel reprocessing depends not only on the process and process equipment, 
there are many other allied systems that are required especially for operation and maintenance have been 
developed since the fast reactor fuel reprocessing requires Pu contamination control. Thus the equipment and 
systems designs require modular concepts and hot cell systems such as Master Slave Manupulators and incell 
cranes with  contamination control for operation and maintenance.  Number of such systems has been deployed 
in CORAL and the designs have been validated for large scale exploitation [23]. Also other ho t cell equipment 
such as remote sampling systems and analytical systems have been under operation for the last six years and 
have provided adequate knowledge for updating the designs [24].   
8. Analytical chemistry 
    To minimize the generation of radioactive analytical waste during reprocessing operations, the concept of 
approach to ‘zero analytical wastes’ is adopted in fast reactor fuel reprocessing plants. Thus to monitor 
concentration of Pu, a method based on Fiber optic spectrophotometry [25], has been developed and deployed. 
Presently it is used as an offline technique in CORAL which will be adapted  for online usage in the future  
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plants .  Hull monitoring using γ signature of 144Ce is also demonstrated in CORAL which will be used in future 
plants. 
9. Materials development 
    As the reprocessing plant is prone to corrosion related failures, material research is undertaken to ensure the 
expected plant life. For this, development of superior grades of austenitic stainless steels and alternate material 
of construction such as zircaloy and Titanium based alloys for specific equipment like dissolver and evaporator 
systems, which undergo severe corrosion conditions, are being undertaken.  [26,27] Also development of in 
service inspection devices for assessing the healthiness of hotcell equipment and process vessels have been 
identified as thrust areas for development.  
    Developmental efforts on blending PEEK (Polyether ether ketone) material with ceramic fillers resulted in 
extended life of PEEK in radiation environment without significantly affecting its mechanical properties. PEEK 
was blended with varying percentage of nano-alumina powder and were exposed to gamma rays after fabricating 
thin sheets in order to assess the extent of damage by way of determining the mechanical properties of the 
composites before and after irradiation and comparing the results with those of pure PEEK.  It was established 
that the decrease in toughness values for the irradiated composite specimens are much lower than the value 
measured for PEEK. Gauntlets for use glove boxes which have increased resistance to 30% TBP and nitric acid 
have been successfully developed.  
10. Conclusion  
    CORAL campaigns have provided many details of the various facets of fast reactor fuel reprocessing 
technology. This has enabled various R&D areas to be identified with the aim of reducing the radiation 
exposures and for improved availability of the plant [28,29].  
    The benefits of the these activities which are currently being pursued would be realized in the plants which are 
either currently under construction or design.  
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